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(54) Surface acoustic wave element having a bump electrode and surface acoustic wave device 
comprising the same 



(57) The surface acoustic wave element (10) com- 
prises a surface acoustic wave substrate (11), interdig- 
ital transducer electrode means (12) provided on the 
surface acoustic wave substrate and a lead electrode 
means (14) provided on the surface acoustic wave sub- 
strate. The lead electrode means are connected to the 
interdigital transducer electrode. The surface acoustic 
wave element further comprises bump electrode means 
(40) provided on a portion of the lead electrodes. The 
bump electrode means include a first electrode struc- 
ture (41 ) and a second electrode structure (42). The first 
electrode structure has a top surface and is in contact 
with the lead electrode; the second electrode structure 
covers a portion of the top surface of the first electrode 
structure such that the remaining portion of the top sur- 
face of the first electrode structure is exposed along 
substantially the whole periphery of the top surface the 
first electrode structure. 
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Description 

1. field of the Invention 

The present invention relates to a surface acoustic 
wave element having a bump electrode and a surface 
acoustic wave device in which a SAW element is 
mounted on a base substrate through a solder bump 
connection. 

2. Description of the Related Art 

A conventional surface acoustic wave (SAW) device 
includes a SAW element which is mounted on a base 
substrate via a solder bump connection and the SAW 
element is sealed by bonding a metal cap to the base 
substrate via soldering. Fig. 4 is a sectional view show- 
ing a bump electrode of a conventional SAW element in 
such a SAW device. 

The conventional SAW element shown in Fig. 4 
includes a surface wave substrate 1 1 , an interdigital 
transdtfcer (IDT) electrode (not illustrated), a reflector 
electrode (not illustrated) and a lead electrode 14 con- 
nected to the IDT electrode and disposed on one main 
surface of the surface wave substrate 1 1 . A bump elec- 
trode 40 is disposed at an end portion of the lead elec- 
trode 14. The lead electrode 14 and the bump electrode 
40 are formed by a method of vapor deposition, sputter- 
ing or the like. The lead electrode 14 is made of Al. The 
bump electrode 40 normally comprises a plurality of 
metal layers, such as a NiCr layer 40a. an Ni layer 40b 
and an Ag layer 40c having the same shape, as shown 
in Fig. 4. 

The SAW element shown in Fig. 4 is fixedly sup- 
ported by a base electrode and electrically connected 
thereto via soldering (solder bump connection) the 
bump electrode 40 of the SAW element to a corre- 
sponding electrode land on the base substrate. More 
specifically, after preliminary soldering is carried out on 
the electrode land of the base substrate, the bump elec- 
trode of the SAW element is soldered to the electrode 
land of the base substrate via a reflow soldering proc- 
ess. 

A metal cap is then soldered to a bonding area of 
the base substrate to cover the SAW element and the 
SAW element is therefore sealed inside of a closed 
inner space formed by the base substrate and the metal 
cap. 

Although such a solder bump connection is a well- 
established technique and is used widely in various 
kinds of electronic components, the conventional SAW 
device has a problem with the solder bump connection. 
More specifically, when the SAW element is soldered to 
the base substrate, molten solder flows along a periph- 
eral side of the bump electrode 40 and reaches a lead 
electrode of the SAW element such that a portion of the 
solder is in contact with the lead electrode. Since the 
lead electrode is made of a thin aluminum layer, there 



arises a problem that the lead electrode reacts with or is 
eroded by the solder thereby causing a connection fail- 
ure of the lead electrode 14 and degradation of the 
device characteristic due to the connection failure. 

5 

SUMMARY OF THE INVENTION 

The preferred embodiments of the present inven- 
tion overcome the problems described above by provid- 
w ing a surface acoustic wave element which eliminates 
corrosion of an Al electrode caused by a reaction with 
solder when the element is mounted on a base sub- 
strate via soldering. 

The preferred embodiments of the present inven- 

15 Won overcome the problems described above by provid- 
ing a surface acoustic wave device which prevents 
degradation of the device characteristics caused by a 
connection failure of a lead electrode. 

A preferred embodiment of the present invention 

20 provides a surface acoustic wave element including a 
surface acoustic wave substrate, an interdigital trans- 
ducer electrode provided on the surface acoustic wave 
substrate and a lead electrode provided on the surface 
acoustic wave substrate. The lead electrode is con- 

25 nected to the interdigital transducer electrode. The sur- 
face acoustic wave element further includes a bump 
electrode provided on a portion of the lead electrodes. 
The bump electrode includes a first electrode structure 
and a second electrode structure. The first electrode 

30 structure has a top surface and is in contact with the 
lead electrode, and the second electrode structure cov- 
ers a portion of the top surface of the first electrode 
structure such that the remaining portion of the top sur- 
face of the first electrode structure is exposed along a 

35 whole periphery of the top surface of the first electrode 
structure. 

The surface acoustic wave device according to 
another preferred embodiment preferably includes a 
surface acoustic wave element constructed according 

40 to the preferred embodiment described above, a base 
substrate having electrode lands and a bond land on a 
surface thereof and a cap. The surface acoustic wave 
element is mounted on the base substrate such that the 
bump electrodes of the surface acoustic wave element 

45 are soldered to the respective electrode lands of the 
base substrate. The cap has an opening and a flange 
portion defining the opening, and the flange portion is 
soldered to the bond land of the base substrate such 
that the surface acoustic wave element is sealed by the 

50 cap and the base substrate. 

The first electrode structure may preferably include 
a layer having poor solder wettability and defining a top 
surface thereof. This layer is preferably made of Al. The 
first electrode structure may further include a pair of 

55 NiCr layers and a Ni layer disposed between the pair of 
NiCr layers. Alternatively, the first electrode structure 
may preferably include only 3 NiCr layer or a Ni layer. 
The second electrode structure may preferably 
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include an Ag layer which defines a top surface of the 
second electrode structure. Moreover, the second elec- 
trode structure may further include a NiCr layer and a Ni 
layer disposed between the Ag layer and the NiCr layer. 

The first electrode structure further preferably has a 5 
side surface which is substantially perpendicular to the 
top surface. The top surface of the first electrode struc- 
ture may have a substantially circular shape and the 
second electrode structure has a top surface having a 
substantially circular shape which is smaller than the w 
top surface of the first electrode structure. The top sur- 
face of the first electrode structure and the top surface 
of the second electrode structure are preferably 
arranged so as to be aligned with each other at center 
thereof. /5 

For the purpose of illustrating the invention, there is 
shown in the drawings several forms which are pres- 
ently preferred, it being understood, however, that the 
invention is not limited to the precise arrangements and 
instrumentalities shown. 20 

BFftEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic plan view of a SAW element 
according to a preferred embodiment of the present 25 
invention. 

Fig. 2A is an enlarged sectional view of a bump 
electrode of the SAW element shown in Fig. 1. 
Fig. 2B is an enlarged plan view showing a bump 
electrode of the SAW element shown in Fig. 1 . 30 
Fig. 3 is a sectional view of a surface acoustic wave 
device according to a preferred embodiment of the 
present invention. 

Fig. 4 is an enlarged sectional view showing a 
bump electrode of a conventional SAW element. 35 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

Hereinafter, preferred embodiments of the present 40 
invention are explained in detail with reference to the 
drawings. 

Fig. 1 is a schematic plan view of an SAW element 
according to a preferred embodiment of the present 
invention, and Figs. 2A and 2B are an enlarged sec- 45 
tional view and an enlarged plan view, respectively, 
showing a bump electrode of the SAW element shown 
in Fig. 1 . Fig. 3 is a sectional view of a surface acoustic 
wave device in which the SAW element shown in Fig. 1 
is contained. 50 

As shown in Fig. 1, a SAW element 10 of this pre- 
ferred embodiment includes a surface acoustic wave 
substrate 11, two IDT electrodes 1 2 and a pair of reflec- 
tor electrodes 13. The IDT electrodes 12 are preferably 
located at a substantially central portion of one main 55 
surface of the surface wave substrate 1 1 . and the pair of 
reflector electrodes 13 are provided on the main surface 
of the surface wave substrate 1 1 such that the two IDT 



electrodes 12 are located between the pair of reflector 
electrodes 13. The SAW element 10 further includes 
lead electrodes 14 connected to the respective IDT 
electrodes 12 and bump electrodes 40 disposed on end 
portions of the respective lead electrodes 14. The IDT 
electrodes 12, the reflector electrodes 13 and the lead 
electrodes 14 are preferably made of Al and are prefer- 
ably formed by a method of vapor deposition, sputtering 
or other suitable method. 

Although the SAW element 10 includes two IDT 
electrodes 12 and the pair of reflector electrodes 14 so 
as to define an inline-coupled resonator filter, it is under- 
stood that the SAW element may be any other type of fil- 
ter or resonator. It is also noted that the SAW element 
10 may be an edge-reflection type resonator or filter. 

As shown in Figs. 2A and 2B, the bump electrode 

40 includes a first electrode structure 41 having a plural- 
ity of layers and a second electrode structure 42 having 
a plurality of layers. The first electrode structure 41 is 
provided on the lead electrode 14, and the second elec- 
trode structure 42 is provided on the first electrode 
structure 41. The first electrode structure 41 and the 
second structure 42, respectively, have substantially cir- 
cular top surfaces 43 and 44 and have side surfaces 45 
and 46 which are substantially perpendicular to the top 
surfaces 43 and 44. As is best shown in Fig. 2B, the 
diameter of the top surface 44 of the second electrode 
structure 42 is preferably smaller than the diameter of 
the top surface 43 of the first electrode structure 41. In 
addition, the second electrode structure 42 is preferably 
stacked on the first electrode structure 41 so as to be 
aligned therewith at a center thereof. As a result, a ring 
shaped portion of the top surface 43 is exposed along 
the side surface 46 of the second electrode structure 
42. In this preferred embodiment, the diameters of the 
top surface 43 and the top surface 44 may be set to be, 
for example, about 0.68 mm and about 0.50 mm, 
respectively. 

The shape and size of the first electrode structure 

41 and the second electrode structure 42 may be differ- 
ent from a circle and the aforementioned size as long as 
the second electrode structure 42 covers a portion of 
the top surface of the first electrode structure 41 such 
that the remaining portion of the top surface 43 of the 
first electrode structure 41 is exposed along the whole 
periphery of the top surface 43. The first electrode 
structure 41 and/or the second electrode structure 42 
may have a substantially ellipsoidal shape, a substan- 
tially rectangular shape, a substantially triagonai shape, 
or other suitable shapes. The first electrode structure 41 
is provided to prevent solder from reaching the lead 
electrode 12 and to prevent corrosion of the lead elec- 
trode 14 caused by soldering in the solder bump con- 
nection. Specifically, the first electrode structure 41 
preferably includes a plurality, preferably four, of layers 
including: an NiCr film 41a preferably having a film thick- 
ness of about 80 nm; an Ni film 41b preferably having a 
film thickness of about 600 nm; an NiCr film 41c prefer- 
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ably having a film thickness of about 80 nm; and an Al 
film 41 d preferably having a film thickness of about 300 
nm. NiCr, which has large adhesion strength for bond- 
ing to Al, is preferably used for an electrode material of 
the first layer (lowermost layer) and the third layer. Al, 
which has poor solder wettability, is preferably used for 
an electrode material of the uppermost layer. Ni, which 
prevents diffusion of solder, is preferably used for the 
electrode material of the second layer. 

The second electrode structure 42 is preferably 
directly soldered by the solder bump connection and 
preferably includes a plurality, preferably three, layers 
including: an NiCr film 42a preferably having a film thick- 
ness of about 80 nm; an Ni film 42b preferably having a 
film thickness of about 300 nm; an Ag film 42c prefera- 
bly having a film thickness of about 300 nm. NiCr, which 
has large adhesion strength for bonding to Al, is prefer- 
ably used for an electrode material of the first layer (low- 
ermost layer). Ag, which has excellent solderability and 
soldering strength, is preferably used for an electrode 
material of an uppermost layer, and Ni, which prevents 
diffusidfi of solder, is preferably used for an electrode 
material of the second layer. 

The first electrode structure 41 and the second 
electrode structure 42 are preferably formed by a so- 
called lift off process in which resist patterns having 
opening portions corresponding to the respective 
shapes are formed by photoresists and the respective 
electrode materials are successively deposited to have 
a predetermined thickness by a known deposition tech- 
nique and thereafter, the resists are removed. As a 
result of the lift off process, the side surfaces 45 and 46 
of the bump electrode 40 have a significantly increased 
steepness in vertical dimension than that formed by 
other methods with respect to the surface wave sub- 
strate 1 1 . The steepness of the side surfaces 45 and 46 
help to prevent the solder from flowing along the side 
surfaces 45 and 46 from the top surface 44 to the lead 
electrode 14. 

Fig. 3 is a sectional view of a surface acoustic wave 
device according to a preferred embodiment of the 
present invention. As shown in Fig. 3, a SAW device 55 
includes the SAW element 10, a base substrate 20 with 
electrode lands 56 and a cap 30. The SAW device 55 is 
preferably a surface mount component and is mounted 
on a substrate with the bottom surface of the base sub- 
strate 20 facing downwardly. 

As shown by Fig. 3, the bump electrodes 40 of the 
above-described SAW element 10 are soldered to 
respective electrode lands 56 on a base substrate 20 
via solder 51 (solder bump connection), whereby the 
SAW element 10 is fixedly supported by and electrically 
connected to the base substrate 20. Further, a metal 
cap 30 having an opening is soldered to a bonding land 
57 of the base substrate 20 via solder 52 at a flange por- 
tion 31 thereof to cover the SAW element 10 and the 
SAW element 10 is sealed in a closed space formed by 
the base substrate 20 and the metal cap 30. 



Preliminary soldering is carried out previously on 
the electrode lands 56 of the base substrate 20. The 
connection and bonding of the SAW element 10 and the 
metal cap 30 to the base substrate 20 by solder is per- . 
5 formed preferably by a reflow soldering process, 
thereby producing a SAW device 55. 

As described above, according to the SAW device 
of this preferred embodiment, the bump electrode 40 
includes the two electrode structures 41 and 42 having 

10 different outer diameters. The second electrode struc- 
ture 42 at the upper portion that is soldered is preferably 
smaller than the outer periphery of the lower portion of 
the first electrode structure 41 located on the Al elec- 
trode at the lower portion. Al, which is the electrode 

15 material having poor solder wettability is used for the 
uppermost layer, i.e., the exposed top surface 43 of the 
first electrode structure 41. Therefore, the solder which 
has spread on the side surface 46 of the second elec- 
trode structure 42 and has reached the first electrode 

20 structure 41 does not wet and spread on the exposed 
portion of the top surface 43 of the first electrode struc- 
ture 41 and does not reach the lead electrode 14 made 
of Al by spreading on the side surface 45 of the first 
electrode structure 41 . 

25 Further, Ni, which is the electrode material con- 
structed for preventing diffusion of solder, is used for the 
second layer as the Ni film 41b in the first electrode 
structure 41 . Thus, solder is prevented from permeating 
in a thickness direction of the first electrode structure 41 

30 and from being in contact of with the lead electrode 14 
by diffusion. 

Further, since the bump electrode 40 includes the 
two electrode structures 41 and 42, the thickness of the 
bump electrode 40 is greater than conventional bump 
35 electrodes. The two electrode structure configuration 
also significantly reduces the possibility for the solder to 
contact the lead electrode 14 by flowing along the side 
surfaces 45 and 46 or permeating the bump electrode 
40. 

40 Accordingly, the lead electrode made Of *AI is effec- 
tively prevented from contacting the solder in the solder 
bump connection, and corrosion of the lead electrode 
by solder is reliably prevented. Thus, a surface acoustic 
wave device having high reliability is achieved. 

45 Although the specific structure of the first and sec- 
ond electrode structures are explained above, the ele- 
ments and specific arrangement of the first electrode 
structure and the second electrode structure are not 
limited to the specific details of the above-described 

so embodiment. The first electrode structure may include 
three layers of NiCr/Ni/AI or the first electrode structure 
may include a single layer of NiCr or Ni. Further, the 
shapes or dimensions of the first electrode structure 
and the second electrode structure are not limited to the 

55 specific details of the above-described preferred 
embodiments but shapes other than the substantially 
circular shape may be used.. 

Further, the method of forming the bump electrode 
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is not limited to the lift off process described above. The 
bump electrode may be formed by using another 
method such as a mask vapor deposition process or 
other suitable method. 

While preferred embodiments of the invention have 5 
been disclosed, various modes of carrying out the prin- 
ciples disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. w 

Claims 

1. A surface acoustic wave element (10) comprising: 

15 

a surface acoustic wave substrate (11); 
interdigital transducer electrode means (12) 
located on the surface acoustic wave sub- 
strate; 

lead electrode means (14) located on the sur- 20 
face acoustic wave substrate, the lead elec- 
* trode being connected to the interdigital 
transducer electrode means; and 
bump electrode means (40) located on a por- 
tion of the lead electrodes, the bump electrode 25 
means including a first electrode structure (41) 
and a second electrode structure (42), the first 
electrode structure having a top surface and 
being disposed in contact with the lead elec- 
trode means, and the second electrode struc- 30 
ture arranged to cover a portion of the top 
surface of the first electrode structure such that 
a remaining portion of the top surface of the 
first electrode structure is exposed substan- 
tially along an entire periphery of the top sur- 35 
face the first electrode structure. 

2. A surface acoustic wave element (10) according to 
claim 1, wherein the first electrode structure (41) 
comprises a layer (41d) having a poor solder wetta- 40 
bility and defining the top surface. 

3. A surface acoustic wave element (10) according to 
claim 2, wherein the layer (41 d) having poor solder 
wettability is made of Al. 45 

4. A surface acoustic wave element (1 0) according to 
claim 3, wherein the first electrode structure (41) 
further comprises a pair of NiCr layers (41a. 41c) 
and a Ni layer (41b) disposed between the pair of so 
NiCr layers. 

5. A surface acoustic wave element (10) according to 
any preceding claim, wherein the first electrode 
structure (41 ) comprises a NiCr layer (41 a). 55 

6. A surface acoustic wave element (10) according to 
any preceding claim, wherein the first electrode 



structure (41) comprises a Ni layer (41b). 

7. A surface acoustic wave element (10) according to 
any preceding claim, wherein the second electrode 
structure (42) comprises an Ag layer (40c) which 
defines a top surface of the second electrode struc- 
ture. 

8. A surface acoustic wave element (10) according to 
claim 7, wherein the second electrode structure 
(42) further comprises a NiCr layer (40a) and a Ni 
layer (40b) disposed between the Ag layer (40c) 
and NiCr layer. 

9. A surface acoustic wave element (10) according to 
claim 7, wherein the first electrode structure (41) 
has a side surface which is substantially perpendic- 
ular to the top surface thereof. 

10. A surface acoustic wave element (10) according to 
any preceding claim, wherein the top surface of the 
first electrode structure (41) has a substantially cir- 
cular shape and the second electrode structure 
(42) has a top surface having a substantially circu- 
lar shape which is smaller than the top surface of 
the first electrode structure. 

11. A surface acoustic wave element (10) according to 
any preceding claim, wherein the top surface of the 
first electrode structure (41) and the top surface of 
the second electrode structure (42) are arranged so 
as to be aligned at a centre thereof. 

12. A surface acoustic wave device (55) comprising. 

a base substrate (20) having electrode lands 
(56) and a bond land (57) on a surface thereof; 
a surface acoustic wave element (10) accord- 
ing to any one of the preceding claims, wherein 
the surface acoustic wave element is mounted 
on the base substrate such that the bump elec- 
trode means (40) of the surface acoustic wave 
element are soldered to the respective elec- 
trode lands of the base substrate; and 
a cap (30) having an opening and a flange por- 
tion (31) defining an opening, the flange portion 
being soldered to the bond land (57) of the 
base substrate (20) such that the surface 
acoustic wave element (10) is sealed by the 
cap and the base substrate. 
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(57) The surface acoustic wave element (10) com- 
prises a surface acoustic wave substrate (11), interdig- 
ital transducer electrode means (12) provided on the 
surface acoustic wave substrate and a lead electrode 
means (14) provided on the surface acoustic wave sub- 
strate. The lead electrode means are connected to the 
interdigital transducer electrode. The surface acoustic 
wave element further comprises bump electrode means 
(40) provided on a portion of the lead electrodes. The 
bump electrode means include a first electrode struc- 
ture (41 ) and a second electrode structure (42). The first 
electrode structure has a top surface and is in contact 
with the lead electrode: the second electrode structure 
covers a portion of the top surface of the first electrode 
structure such that the remaining portion of the top sur- 
face of the first electrode structure is exposed along 
substantially the whole periphery of the top surface the 
first electrode structure. 
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